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INTER-BATTERY CONNECTION DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to an inter-battery con 
nection device for connecting terminals of batteries arranged 
in parallel. 

BACKGROUND ART 

0002. In recent years, electronic equipment such as AV 
devices, personal computers and portable communication 
devices is rapidly made portable and cordless. For a driving 
power source of these electronic devices, nickel cadmium 
storage batteries, nickel metal-hydride storage batteries, 
lithium secondary batteries and the like have been typically 
used since they have high reliability and easy maintainability. 
These batteries are also used in various other applications, 
particularly increasingly used as driving power sources in 
power-assisted bicycles, lawn mowers, electric Vehicles and 
other applications where large load characteristics are 
required. Thus, there is a much need for batteries that have 
larger current charge/discharge performance Suitable for use 
as driving power sources in these applications. 
0003. The battery for use as driving power sources is typi 
cally assembled as a battery pack or a battery module in which 
multiple batteries are connected mutually between different 
polarities. Traditionally, an inter-battery connection plate 34 
as shown in FIG. 12 has been used to connect batteries. The 
inter-battery connection plate 34 consists of a metal plate 
obtained by cutting a hoop-like metal into predetermined 
lengths. Specifically, the connection areas at the both ends of 
the inter-battery connection plate 34 are connected via the 
welds 35 to the case bottom 32 of the battery 31a and to the 
sealing plate 33 of the battery 31b respectively. 
0004. A battery connection member is also known that 
consists of a single plate having a first connection area that 
comes into contact with the bottom of one cell and a second 
connection area that is formed as an annular recess or a step 
that comes into contact with the sealing plate of the other cell 
(Refer, for example, Patent Document 1). 
0005 Patent Document 1: Japanese Patent Application 
Laid-Open No. 2002-246003 

DISCLOSURE OF THE INVENTION 

Problems To Be Solved By The Invention 
0006. In order to adapt the structure of the battery pack or 
the battery module shown in FIG. 12 to even larger current 
discharge, either the thickness or the width of the inter-battery 
connection plate 34 needs to be increased. Since it is difficult 
to make the width of the inter-battery connection plate 34 
greater than the diameter of the sealing plate 33, the option is 
to increase the thickness of the inter-battery connection plate 
34. However, increasing the plate thickness decreases the 
weldability of the connection plate to the battery case or the 
sealing plate. Also, when two battery modules are linearly 
connected at one of their ends, the two modules are positioned 
so that their end Surfaces are aligned on the same plane. If 
either of the end surfaces is not precisely level with the plane, 
the thick inter-battery connection plate 34 cannot properly 
follow the stepped profile of the connected end surfaces. 
0007 As a result, peeling occurs at the welds, increasing 
the electric resistance. In addition, increasing the plate thick 
ness may result in the deformation of the battery case or the 
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sealing plate. Furthermore, the thick inter-battery connection 
plate requires excessive energy for welding, which may cause 
the formation of holes in the battery case. 
0008. An alternative to increasing the thickness of the 
inter-battery connection plate is to replace the material of the 
inter-battery connection plate with a metal having a low spe 
cific resistance, Such as copper. However, the inter-battery 
connection plate with a decreased specific resistance cannot 
achieve sufficient weldability, nor can it ensure the strength of 
welds. 

0009. Likewise, the battery connection member disclosed 
in Patent Document 1 needs to have an increased thickness in 
order to adapt to large current discharge. However, increasing 
the thickness of the connection member may decrease the 
weldability of the connection member to the bottom of the 
battery case, reduce the strength of welds, and cause the 
formation of holes at the welds in the bottom surface of the 
case. In addition, the thick battery connection member cannot 
follow the stepped profile of the connected end surfaces. 
0010. Accordingly, it is an object of the present invention 
to provide an inter-battery connection device that can achieve 
high weldabiliy while reducing electric resistance. 

MEANS FOR SOLVING THE PROBLEMS 

0011 To achieve the foregoing object, an inter-battery 
connection device of the present invention for connecting 
terminals of two batteries arranged with their axes parallel to 
each other includes welding portions at its both ends for 
welding to the terminals of the respective batteries and an 
intermediate portion that connects the two end welding por 
tions and has a thickness greater than that of each welding 
portion. 
0012. In this construction, the thick intermediate portion 
between the welding portions serves to reduce the electric 
resistance between the two connected batteries and is ideal for 
large current charge/discharge. Since the Surface area of the 
inter-battery connection device increases as its thickness 
increases, the thick intermediate portion facilitates heat 
release and reduces the effects of heat. Thus, the inter-battery 
connection device of the present invention has an electric 
resistance significantly lower than that of conventional inter 
battery connectors. The inter-battery connection device of the 
present invention can therefore be used to make high power 
battery packs or battery modules. Furthermore, the thinner 
end welding portions are flexible enough to follow the 
stepped profile of the welded end surfaces of the battery 
terminals and help reduce the shunt current that flows during 
resistance welding. As a result, strong welds can be formed 
and, thus, the inter-battery connection device achieves high 
weldabiliy. 
0013 The inter-battery connection device may include a 
base plate and the intermediate portion that is joined to the 
base plate. The base plate includes one or more metal plates of 
the same or different materials joined together and includes 
the welding portions at its both ends. The intermediate por 
tion includes one or more metal plates of the same or different 
materials joined together. Preferably, the one or more metal 
plates that form the intermediate portion are joined together 
by crimping a bundling band or a claw member that extends 
from the base plate on each side of the intermediate portion, 
or by means selected from resistance welding, ultrasonic 
welding, laser welding and friction stir welding. 
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0014. The inter-battery connection device may be 
obtained by forging or grinding a metal plate of a predeter 
mined thickness to make the welding portions thinner than the 
intermediate portion. 
0015 The inter-battery connection device may include a 
connection plate and a connection ring. The connection plate 
has at one end thereof a welding portion for welding to the 
sealing plate of one battery and a connection arm that has a 
approximately uniform thickness and extends from its inter 
mediate portion to the other end of the connection plate. The 
connection ring forms other welding portion for welding to 
the bottom of the battery case of the other battery. The con 
nection arm is held in contact with the connection ring by 
means of a retainer member arranged on the connection ring. 
The retainer member holds the connection arm from above 
and is joined to the connection arm. The retainer member and 
the connection arm may be joined together by crimping, 
welding or any other means. 
0016. In this construction, the thin retainer member of the 
connection ring is joined to the thick connection arm of the 
connection plate. Thus, the two components can be readily 
crimped or welded together in a stable and reliable state. This 
construction therefore eliminates the occurrence of hole for 
mation in the battery case. In addition, the deformation of the 
retainer member provides the inter-battery connection device 
with the flexibility required to follow the stepped profile of 
the welded end surfaces of the batteries. Moreover, the dis 
tance between the axes of the batteries can be adjusted with a 
high degree of freedom by adjusting the amount of insertion 
of the connection arm between the upper surface of the con 
nection ring and the retainer member. 
0017 Preferably, the connection ring is fitted to the 
periphery of the bottom of the battery case by welding to the 
outer periphery of the battery case. Since the outer periphery 
of the battery case is less susceptible to deformation than its 
bottom surface, the quality of welding can be stabilized and 
the reliability of welding ensured without causing hole for 
mation in the battery case. 
0018. The material for use in the inter-battery connection 
device of the present invention preferably includes at least 
one selected from nickel, iron, copper, and iron or copper 
treated with nickel on at least one surface thereof. 

0019. The welding portion preferably includes a central 
opening, a plurality of notches arranged about the opening, 
and a plurality of projections arranged between the notches 
for welding to the battery terminal by resistance welding. The 
notches serve to make the welding portion flexible between 
the notches so that the welding portion can readily and reli 
ably fit to the battery terminal. The notches also serve to 
prevent the reactive current that flows during welding. The 
projections arranged between the notches ensure physical 
contact between the welding portion and the battery terminal 
and thereby achieve reliable welding. While the notches may 
beformed to a depth so that the welding pieces containing the 
projections remain partially connected, they are preferably 
deep enough to completely separate the individual welding 
pieces. In this manner, the shunt current can be prevented 
from flowing between adjacent welding pieces (projections). 
0020. Although each projection may be formed as a dot 
like circular projection (as viewed from the top), it may be 
formed as a straight or curved linear projection. In this man 
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ner, the area for welding can be increased, resulting in 
decreased connection resistance and increased strength of 
welds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a front view showing a connection step of 
the inter-battery connection device in a first embodiment of 
the present invention. 
0022 FIGS. 2A to 2C are each a perspective view showing 
a specific example of the inter-battery connection plate of the 
first embodiment. 
0023 FIG. 3 is a perspective view showing another 
example of the inter-battery connection plate of the first 
embodiment. 
0024 FIG. 4 is a front view showing a welding step of the 
inter-battery connection plate in the first embodiment. 
0025 FIG. 5 is a perspective view showing a battery mod 
ule connected in the first embodiment. 
0026 FIGS. 6A to 6C show an inter-battery connection 
device in a second embodiment of the present invention, with 
FIG. 6A being a perspective view showing the manner in 
which batteries are connected: FIG. 6B a plan view showing 
major components; and FIG. 6C an end view. 
0027 FIG. 7 is a perspective view of a connection plate of 
the second embodiment. 
0028 FIG. 8 is a perspective view showing a connection 
step in the second embodiment in which the connection plate 
is connected to a connection ring. 
0029 FIG. 9 is a perspective view showing the manner in 
which batteries are connected in a modified example of the 
second embodiment. 
0030 FIG. 10 is a perspective view showing a connection 
step in the modified example in which the connection plate is 
connected to the connection ring. 
0031 FIGS. 11A and 11B are each an enlarged view 
showing notches formed in the welding portion of the inter 
battery connection plate of the present invention. 
0032 FIG. 12 is a perspective view showing the manner in 
which batteries are connected in a conventional inter-battery 
connection device. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0033 Several embodiments of the inter-battery connec 
tion device of the present invention will now be described 
with reference to FIGS. 1 through 11B. 

(First Embodiment) 
0034. A first embodiment is first described with reference 
to FIGS. 1 through 5. FIG. 1 is a front view showing a 
connection step of a battery pack. A battery pack 10 consists 
of two batteries 1a, 1b and an inter-batter connection plate 11, 
as an inter-battery connection device, for connecting between 
the terminals of the batteries 1a, 1b with different polarities 
(specifically, between a battery case bottom 2 and a battery 
sealing plate 3). The inter-battery connection plate 11 is com 
posed of welding portions 4, 4 arranged at its both ends and an 
intermediate portion 5 connecting the end welding portions 4. 
4. The intermediate portion 5 is formed thicker than each 
welding portion 4. In FIG. 1, the inter-battery connection 
plate 11 is composed of a base plate 6 including the end 
welding portions 4.4 and an intermediate metal plate 7 joined 
to the base plate 6 at the intermediate portion 5. 
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0035 Each end welding portion 4 includes projections 8. 
The end welding portions 4 are connected to the battery case 
bottom 2 and the battery sealing plate 3, respectively, via the 
projections 8. 
0036 By employing the thick intermediate portion 5 in the 
inter-battery connection plate 11, the electric resistance of the 
inter-battery connection plate 11 can be decreased without 
increasing the thickness of the welding portions 4. As a result, 
the welding portions 4 remain less susceptible to the effect of 
the shunt current that flows during resistance welding. In 
addition, the welding portions 4 achieve high weldability by 
retaining flexibility required to adapt to the deformation 
caused by the heat and pressure generated during welding. 
0037 FIGS. 2A to 2C show several specific examples of 
the inter-battery connection plate 11 each consisting of a base 
plate 6 and an intermediate metal plate 7 joined to the base 
plate 6 to form an intermediate portion 5. An inter-battery 
connection plate 11a as shown in FIG. 2A includes a single 
intermediate metal plate 7a joined to the middle part of a base 
plate 6 to form an intermediate portion 5. An inter-battery 
connection plate 11b as shown in FIG. 2B is composed of a 
multilayer intermediate metal plate 7b joined to the middle 
part of a base plate 6. The intermediate metal plate 7b is 
composed of multiple thin metal plates stacked and joined 
together. As for the inter-battery connection plates 11a, 11b, 
the base plate 6 and the intermediate metal plate 7a or 7b or 
the thin metal plates to form the intermediate metal plate 7b in 
the intermediate potion 5 may be joined together by any of 
resistance welding, ultrasonic welding, laser welding and 
friction stir welding. 
0038. By joining the metal plates 7a, 7b to the middle part 
of the base plate 6, the electric resistance of the inter-battery 
connection plates 11a, 11b can be reduced without losing the 
weldability of the welding portions 4, 4 at the ends of the base 
plate 6. Furthermore, the intermediate metal plate 7b of the 
inter-battery connection plate 11b that is composed of a stack 
of thin metal plates has an increased surface area that facili 
tates heat dissipation and, thus, the reduction of electric resis 
tance. In addition, the intermediate metal plate 7b has a flex 
ibility required to follow the stepped profile of the end 
surfaces of the two connected batteries 1a, 1b. 
0039. An inter-battery connection plate 11c in FIG. 2C 
includes an intermediate metal plate 7c that is fastened to the 
middle part of a base plate 6 by crimping claw members 9. 
The claw members 9 are formed to extend from the side edges 
of the base plate 6 of the inter-battery connection plate 11c. 
Instead of crimping the claw members 9, the intermediate 
metal plate 7 may be fastened by abundling band (not shown) 
to make the inter-battery connection plate. 
0040. The base plate 6 and the intermediate metal plate 7 
(7a, 7b, 7c) of the inter-battery connection plates 11 shown in 
FIGS. 2A to 2C may be made of the same material or different 
materials. The material preferably is of nickel, iron, copper, or 
iron or copper coated with nickel. The nickel coating may be 
applied to iron or copper by cladding or plating. 
0041 An inter-battery connection plate 11d in FIG. 3 is 
made by forging or grinding a metal plate of a predetermined 
thickness to form welding portions 4 that are thinner than the 
intermediate portion 5. The inter-battery connection platelld 
provides similar advantages to each of the examples shown in 
FIGS. 2A to 2C and yet can be easily produced at low pro 
duction cost. 
0042. The inter-battery connection plate 11d shown in 
FIG. 3 is preferably made of nickel, iron or copper. Copper 
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and iron may be plated with nickel after processing so as to 
improve the corrosion resistance and the weldability. 
0043 FIG. 4 is a front view showing the manner in which 
two batteries 1a, 1b arranged parallel to each other are con 
nected by resistance welding using the inter-battery connec 
tion plate 11a of the present embodiment. As indicated by an 
imaginary line, an insulation ring 20 is fitted about the posi 
tive electrode terminal of the battery 1b to prevent the short 
circuit between the sealing plate 3 and the battery case 
through the inter-battery connection plate 11a. Projections 8 
formed on the surface of the welding portions 4 ensure the 
strength and reliability of welds. The resistance welding is 
preferably carried out by series welding by placing a pair of 
welding electrodes 12 against the projections 8 formed on the 
both sides of notches 13 that are formed to prevent reactive 
current during welding (See, FIGS. 2A to 2C and FIG. 3). 
When the welding portion 4 is welded to the battery case 
bottom 2 of the battery 1a, the welding may be done by 
indirect welding. Specifically, this is done by holding one of 
the welding electrodes 12, in contact with the battery case 
bottom 2 through an opening 14 formed at the center of each 
welding portion 4 (See, FIGS. 2A to 2C and FIG. 3), and 
holding the other electrode in contact with the projection 8. 
0044 FIG. 5 shows one example in which the inter-battery 
connection plate 11a shown in FIG. 4 is used to connect two 
battery modules 15a, 15b. 

(Second Embodiment) 

0045. A second embodiment is now described with refer 
ence to FIGS. 6A through 10. Unlike the first embodiment of 
the inter-battery connection device, which is composed of a 
single inter-battery connection plate 11, the inter-battery con 
nection device of the second embodiment is composed of two 
components, a connection plate 16 and a connection ring 18, 
joined together. In the following description, the same com 
ponents as those in the first embodiment are denoted by the 
same reference numerals and their description will not be 
repeated. 
0046. As shown in FIGS. 6A to 6C, the inter-battery con 
nection device of the second embodiment includes a connec 
tion plate 16 and a connection ring 18. The connection plate 
16 includes at one end thereof a thin welding portion 4 for 
welding to the sealing plate 3 of a battery 1b. The connection 
plate 16 also includes a thick intermediate portion 5 and a 
connection arm 17 that has a uniform thickness and extends 
from its intermediate portion 5 to the other end of the con 
nection plate 16. The connection ring 18 is thin and forms the 
other welding portion 4 for welding to the battery case bottom 
2a of a battery 1a. The connection ring 18 is a substantially 
circular disk-shaped member fitted to the periphery of the 
battery case bottom 2a of the battery 1a and is secured to the 
outer periphery of the battery case bottom 2a by resistance 
welding at multiple welding spots 19 arranged on its side 
wall. A notch 23 is formed between the welding spots 19, 19 
to prevent the reactive current during welding. A pair of 
retainer members 21, each having an L-shaped cross-section, 
is formed by a cutting-and-bending process on the end wall of 
the connection ring 18 to hold the connection arm 17. The 
connection arm 17 is held in place by being inserted between 
the end wall of the connection ring 18 and the retainer mem 
bers 21. The retainer members 21 are integrally welded to the 
connection arm 17 at welding spots 22 from the side of the 
retainer member 21. 
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0047. As shown in FIG.7, the thin welding portion 4 of the 
connection plate 16 is shaped with projecting to abut the 
sealing plate 3 and includes multiple curved projections 24 
that are arranged around the opening 14 with the notches 13 
formed in between. The projections 24 serve to ensure the 
strength and reliability of welds between the welding portions 
4 and the sealing plate 3. By welding along the length of the 
curved projection 24, the weld area can be increased as com 
pared to the dot-like circular projections 8. As a result, the 
connection resistance can be decreased and the Sufficient 
strength of welds can be ensured. It should be recognized that 
circular projections 8 may be used in place of curved projec 
tions 24 for welding. 
0048. A pair of spaced-apart connection arms 17 extends 
from the sides of the intermediate portion 5 of the connection 
plate 16. Correspondingly, the connection ring 18 includes 
two retainer members 21 that are formed by a cutting-and 
bending process to have an L-shaped cross-section facing 
outward and to hold the connection arms 17 from the inside. 
0049. In the connection step using the above-described 
inter-battery connection device as shown in FIG. 8, the con 
nection ring 18 is welded to the battery case bottom 2a of the 
battery 1b of the two batteries 1a, 1b that are to be connected. 
Upon connection, the welding portion 4 of the connection 
plate 16 is welded to the sealing plate 3 of the battery la to 
secure the connection plate 16 to the battery 1a. The connec 
tion arms 17 of the connection plate 16 are then inserted into 
the respective retainer members 21 of the connection ring 18, 
so that the connection arms 17 are held in contact with the 
connection ring 18 by the retainer members 21 that hold the 
connection arms 17 from above. The distance between the 
batteries 1a and 1b and the relative orientation of the axes of 
the batteries 1a, 1b are then adjusted. Subsequently, the weld 
ing spots 22 are welded by resistance welding to firmly con 
nect the batteries 1a and 1b. In this manner, the sealing plate 
3 and the battery case bottom 2a are electrically connected 
with a small electric resistance. 
0050. According to the second embodiment, the connec 
tion ring 18 is fitted to the periphery of the battery case bottom 
2a of the battery 1b and welded to the outer periphery of the 
battery case bottom 2a. Since the outer periphery of the 
battery case bottom 2a is less susceptible to deformation than 
its bottom surface, the quality of welding can be stabilized 
and the reliability of welding ensured without causing hole 
formation in the battery case. Since the thin retainer member 
21 of the connection ring 18 is welded to the thick connection 
arm 17 of the connection plate 16, the two components can be 
welded together in a stable and reliable state. This construc 
tion therefore eliminates the occurrence of hole formation in 
the battery case. In addition, the deformable retainer mem 
bers 21 provide the inter-battery connection device with the 
flexibility required to follow the stepped profile of the end 
surfaces of the connected batteries 1a, 1b. Moreover, the 
distance between the axes of the batteries 1a, 1b can be 
adjusted with a high degree of freedom by adjusting the 
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amount of insertion of the connection arms 17 between the 
upper Surface of the connection ring 18 and the retainer mem 
bers 21. 
0051 Although in the example shown in FIGS. 6A 
through 8, the connection plate 16 includes a pair of connec 
tion arms 17 that extend from the sides of the intermediate 
portion 5 toward the other end of the connection plate 16 and 
the connection ring 18 includes a pair of retainer members 21 
facing outward, as shown in FIGS. 9 and 10, the connection 
plate 16 may include a single connection arm 17a that has a 
substantially uniform width and extends from the intermedi 
ate portion 5 toward the other end of the connection plate 16 
and the connection ring 18 may include a pair of retainer 
members 21a that are facing inward. In this manner, the pair 
of retainer members 21a holds the connection arm 17a from 
the outside of the connection arm 17a. It should be recognized 
that, as is the case with the first embodiment, the circular 
projections 8 of the welding portion 4 used in this example 
may be substituted for curved projections 24. 

EXAMPLE 

0.052 An inter-battery connection plate lla as shown in 
FIG.2A was used to connect batteries 1a, 1b to make a battery 
pack as one example of the present invention. The inter 
battery connection plate 11a was prepared by joining (by any 
of resistance welding, ultrasonic welding, friction stir weld 
ing and laser welding) a 2.6 mm-thick intermediate metal 
plate 7a made of nickel-plated iron to the middle part of a 0.4 
mm-thick base plate 6 made of nickel to form an intermedia 
tion portion 5 with a total thickness of 3.0 mm. 
0053. In the connection step using the inter-battery con 
nection plate 11a, two welding electrodes 8 were placed 
against the projections 8 in the welding portions 4 of the 
inter-battery connection plate 11a as shown in FIG. 4. One of 
the welding portions 4 was then welded to the battery case 
bottom 2 of the one battery la with a diameter of 32 mm while 
the other welding portion 4 was similarly welded to the seal 
ing plate 3 of the other battery 1b. This completed a battery 
pack using the inter-battery connection plate 11a. 

CONVENTIONALEXAMPLE 

0054 For comparison purposes, a battery pack using a 0.4 
mm-thick inter-battery connection plate made of nickel with 
no intermediate metal plate attached thereto was prepared 
(Conventional Example A), as was a battery pack using a 0.6 
mm-thick inter-battery connection plate made of nickel 
plated iron (Conventional Example B). 
0055. The three battery packs of Example and Conven 
tional Examples A and B were compared by analyzing the 
electric resistance of the connection plate and the welding 
current required during welding of the inter-battery connec 
tion plate to the battery case and the sealing plate. 

TABLE 1. 

Electric 
resistance 

Inter-battery Intermediate of 
connection plate metal plate Welding connection 

Materials. Thickness Materials. Thickness current plate 

Nickel 0.4 mm Iron 2.6 mm 4 kA 0.21 m) 
(Ni plated) 
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TABLE 1-continued 

Inter-battery Intermediate 
Battery connection plate metal plate Welding 

packs Materials. Thickness Materials. Thickness current 

Conventional Nickel 0.4 mm 4 kA 
Example A 
Conventional Iron 0.6 mm 6 kA 
Example B (Ni plated) 

0056. As shown in Table 1, the battery pack prepared by 
using the inter-battery connection plate 11a of Example, in 
which a 2.6 mm nickel-plated iron plate was joined to form 
the intermediation portion 5, had the lowest electric resis 
tance. This is because the specific resistance of the interme 
diate metal plate 7a is low and the resistance of the pathway 
between two batteries decreases as the thickness of the inter 
battery connection plate increases. Thus, the battery pack of 
Example has a reduced electric resistance of the connection 
plate and achieves high discharge performance. 
0057. Despite its greater total thickness as compared to the 
inter-battery connection plate 34 used in the battery packs of 
Conventional Examples A and B, the inter-battery connection 
plate 11a used in the battery pack of Example requires an 
equal or a smaller welding current during welding to the 
battery case bottom 2 and the sealing plate 3. 
0058. In the battery pack of Example, the greater surface 
area of the inter-battery connection plate 11a improves its 
heat release performance. Thus, the inter-battery connection 
plate la generates less heat and has high weldability that 
ensures stable welding. As a result, the increase in the con 
nection resistance due to the peeling of the welding portion 4 
can be prevented, as can the misalignment of batteries 1a, 1b 
caused by the deformation of the battery case bottom 2 or the 
sealing plate 3 and the hole formation in the battery case 
caused by welding with excessive energy. 
0059. When a pair of welding electrodes 12 are placed 
against the projections 8 to perform series-welding (See, FIG. 
4), a shunt current may flow between the welded projections 
8. FIG. 11A shows an enlarged view of the welding portion 4 
at one end of the inter-battery connection plates 11a, 11b, 11c 
shown in FIGS. 2A to 2C. Although in the welding portion 4 
shown in FIG. 11A, the welding pieces 26 containing the 
projections 8 are partially separated by notches 13, the adja 
cent welding pieces 26 are still partially connected by the 
remaining portions, through which a shunt current may flow. 
When the shunt current occurs, the welding current that oth 
erwise flows to the projection 8 for subsequent welding 
decreases. Not only does this impede the proper welding 
process, but it also decreases the followability for downscal 
ing of the projections 8 upon welding, resulting in sparks and 
other defects. To prevent the shunt current, deep notches 25 as 
shown in FIG. 11B as one example may be formed to com 
pletely separate the individual welding pieces 26. This con 
struction prevents the shunt current and improves the fol 
lowability for downscaling of the projections 8 upon welding 
and decreases the occurrence of defects during welding, 
ensuring proper welding. 

INDUSTRIAL APPLICABILITY 

0060. As set forth, the inter-battery connection device of 
the present invention, which uses a connection plate that has 

May 14, 2009 

Electric 
resistance 

of 
connection 

plate 

0.26 m2 

O.27 m 

a thick intermediate portion and can reduce the connection 
resistance between the connected batteries, is suitably used to 
provide connection between the battery case and the battery 
sealing plate in battery packs and battery modules that are 
used as driving power Sources in power-assisted bicycles, 
lawn mowers, electric Vehicles and other applications that 
require large current charge/discharge performance and, thus, 
large load characteristics. Having thin welding portions 
formed at its ends, the connection plate also achieves a flex 
ibility required to follow the stepped profile of the welded end 
surfaces of the battery terminals while being less susceptible 
to the shunt current during resistance welding. The connec 
tion device of the present invention thus achieves high weld 
ability and ensures firm welding and can be effectively used in 
high power battery packs and battery modules. 

1. An inter-battery connection device for connecting ter 
minals (2.3) of two batteries (1a, 1b) arranged with their axes 
parallel to each other, comprising welding portions (4) at its 
both ends for welding to the terminals of the respective bat 
teries and an intermediate portion (5) that connects the two 
end welding portions and has a thickness greater than each 
welding portion. 

2. The inter-battery connection device according to claim 
1, comprising a base plate (6) joined to the intermediate 
portion (5), wherein the base plate comprises one or more 
metal plates of the same or different materials joined together 
and includes the welding portions (4) at its both ends, and the 
intermediate portion comprises one or more metal plates (7) 
of the same or different materials joined together. 

3. The inter-battery connection device according to claim 
2, wherein the one or more metal plates (7) that form the 
intermediate portion (5) are joined together by crimping a 
bundling band or a claw member (9) that extends from the 
base plate (6) on each side of the intermediate portion or by 
means selected from resistance welding, ultrasonic welding, 
laser welding and friction stir welding. 

4. The inter-battery connection device according to claim 
1, comprising a metal plate of a predetermined thickness 
forged or ground to make the welding portions (4) thinner 
than the intermediate portion (5). 

5. The inter-battery connection device according to claim 
1, comprising a connection plate (16) and a connection ring 
(18), wherein the connection plate has at one end thereof the 
welding portion (4) for welding to the sealing plate (3) of one 
battery (1b) and a connection arm (17) that extends from the 
intermediate portion (5) to the other end of the connection 
plate; the connection ring forms the other welding portion (4) 
for welding to the bottom (2.a) of the battery case of the other 
battery (1a); and the connection arm is held in contact with 
the connection ring by means of a retainer member (21) 
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arranged on the connection ring, the retainer member holding 
the connection arm from above and joined to the connection 
a. 

6. The inter-battery connection device according to claim 
5, wherein the connection ring (18) is fitted about the bottom 
(2.a) of the battery case by welding to an outer periphery of the 
battery case. 

7. The inter-battery connection device according to claim 
1, being formed of at least one material selected from nickel, 
iron, copper, and iron or copper treated with nickel on at least 
one surface thereof. 

8. The inter-battery connection device according to claim 
1, wherein the welding portion (4) comprises a central open 
ing, a plurality of notches (13, 25) arranged about the open 
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ing, and a plurality of projections (8, 24) arranged between 
the notches for welding to the battery terminal (2, 3) by 
resistance welding. 

9. The inter-battery connection device according to claim 
8, wherein each projection (24) is formed as a linear projec 
tion. 

10. The inter-battery connection device according to claim 
8, wherein each of the notches (13) of the welding portion (4) 
is formed to a depth so that the welding pieces (26) containing 
the projections (8) remain partially connected. 

11. The inter-battery connection device according to claim 
8, wherein each of the notches (25) of the welding portion (4) 
is deep enough to completely separate the welding pieces (27) 
containing the projections (8). 

c c c c c 


